Introduction
There is currently much debate regarding the optimum point in an infant's life at which to introduce foods to complement breast milk. Historically, this period of transition from milk to complementary feeding has been referred to as the weaning period and foods other than milk described as weaning or solid foods. However much confusion exists regarding appropriate use and de®nition of terms employed in studies investigating the transitional infant feeding period.
In its latest review of complementary feeding of young children in developing countries (WHO, 1998) the World Health Organisation (WHO) de®nes this period as`the period during which other foods or liquids are provided along with breast milk.' Complementary foods are de®ned as`any nutrient-containing foods or liquids other than breast milk given to young children'. WHO uses the term`weaning' in an intentionally limited sense to indicate complete cessation of breast-feeding. The adoption of the term complementary feeding to replace weaning aims to encourage the appropriate addition of foods to the exclusively breast-fed infant to meet increased requirements without displacing breast milk intake or initiating breast-feeding cessation. For the purposes of this review, which includes studies from both the developed and less developed world, whilst realising this was not ideal, it was decided that infant formula was included as a breast milk substitute and not as a complementary food.
Many studies, particularly from more developed countries, include infants for whom formula milk is the sole source of early nutrition and do not therefore refer to this as a complementary food. In discussing results of some studies it proved impossible to de®ne complementary foods in accordance with WHO terminology. In these cases complementary foods are those foods given as an adjunct to either formula or breast milk.
Infant feeding is a complex issue, comprising many interrelated and overlapping elements and the period of transition from exclusive breast-feeding to consumption of family foods with total cessation of breast-feeding is recognised as being a crucial dietary event in an infant's life Whitehead, 1985; Hendricks & Badruddin, 1994) . It has been noted that research studies are sometimes inappropriately designed and lack the rigour necessary to adequately assess feeding practices (Underwood & Hofvander, 1982) . Whilst contributing invaluably to current knowledge regarding infant feeding practices and their relationship to child health, it is not yet known to what extent the majority of existing studies, which are for the most part observational by design, provide reliable evidence on which to base more appropriate guidelines for the introduction of complementary foods to the healthy, fullterm infant.
It is universally agreed that breast milk is the ideal ®rst food for infants, supplying complete nutrition to meet the unique requirements of the human infant, as well as providing speci®c immunological proteins. Furthermore, exclusive breast-feeding minimises the risk of introducing contaminants to the infant via feeding vessels and prepared foods and nurtures bonding between mother and child. These, among other factors, are the considerations behind the current WHO infant feeding recommendations and the WHO International Code of Marketing of Breast Milk Substitutes, included in resolution 34.22 of the World Health Assembly (WHO, 1981) .
At a certain time in a breast-fed infant's life, the volume of milk theoretically required to meet energy and other nutrient requirements exceeds the mother's lactational capacity. Moreover, the infant's ability to consume a volume of milk suf®cient to meet its full nutritional requirements becomes limiting. The decision to commence complementary feeding must consider not only the bene®ts of improved energy and nutrient density in the infant diet but also the possible risks of increased morbidity via the introduction of contaminated foods and potentially allergenic proteins.
The current WHO infant feeding recommendations clearly advocate exclusive breast-feeding as the milk feeding method of choice. These recommendations state that infants should be fed exclusively on breast milk from birth to 4 ± 6 months of age; that is, they should be given no other liquids or solids other than breast milk, not even water during this period'.`After this initial 4 ± 6 month period of exclusive breast-feeding, infants should continue to be breast-fed for up to two years of age or beyond, while receiving nutritionally adequate and safe complementary foods ' (WHO, 1995a) . Although there is almost universal agreement that complementary feeding should not commence before 4 months of age, there is uncertainty regarding international recommendations for an appropriate age range. World Health Assembly resolutions in 1990 and 1992 advised introduction between 4 and 6 months. This was considered to be an appropriate age range to allow a transitional period for the breast-fed infant to adjust to solid food intake (Akre, 1989) . A subsequent 1994 resolution advised about 6 months of age and the scienti®c basis for this change is not clear. Subsequent WHO and UNICEF publications have shown a lack of consistency in their use of terminology and the scienti®c basis for the current WHO infant feeding recommendation is reported to be inadequate (Lutter, 1992) .
National guidelines, ideally evidence-based, are probably more applicable to developed nations. In a recent publication addressing feeding of infants and young children, the WHO recommended that each country review, update, develop and implement national nutrition and feeding guidelines based on international scienti®c evidence (WHO, 2000) . The UK Department of Health recommends that`the majority of infants should not be given solid foods before the age of 4 months, and a mixed diet should be offered by the age of 6 months' (DoH, 1994) . In 1980 it was estimated that 56% of all mothers had introduced solid foods by the age of 3 months (Martin & Monk, 1982) . More recent surveys have revealed that the majority (at least 90%) of mothers have introduced solids by 4 months of age (Mills & Tyler, 1992; White et al, 1992; Foster et al, 1997; Thomas & Avery, 1997) . This has been cited as a problem in designing studies aimed at investigating the appropriate age of weaning. For example in a recent study into infant feeding practices in Glasgow, the investigators reported being unable to recruit suf®cient numbers of later weaned infants to provide groups of adequate sise for comparison (Savage SA, 1998, personal communication) .
The aim of the systematic review described here was to review the scienti®c literature published between 1982 and 1998 concerning the effects of the age at introduction of complementary foods on growth, development and health of the full-term infant. This would be achieved by addressing the questions:
1 To what extent does the methodology of included studies comply with speci®c criteria based on methodology recommended in studies of infant feeding? 2 Do the data extracted from included studies provide reliable scienti®c evidence on which to base infant feeding recommendations? 3 Is there suf®cient reliable evidence for the current recommendation for the introduction of complementary foods between the ages of 4 and 6 months, or is there suf®cient reliable evidence to warrant a change to the current recommendation?
Methods
A literature search was carried out using the National Library of Medicine (MEDLINE) and BIDS databases to identify studies investigating effects of the age of introduction of complementary foods on the growth, development and health of the breast or formula milk fed infant. Additional studies were identi®ed from a hand-search of relevant journals, a search of references from identi®ed studies and by consultation with international experts in infant feeding practices.
In order to re¯ect recent complementary feeding practices and because a large review had been published in 1982 (Underwood & Hofvander, 1982) , only studies published between 1982 and 1998 were considered.
The survey was restricted to those studies published in the English language and these were required to meet the following prede®ned criteria:
1 The study contained speci®c information relating to documented`age at introduction of complementary foods'. 2 The study contained speci®c information relating to one or more outcome measures, namely growth, nutritional status and morbidity.
Studies were initially selected by JAL and then reviewed by two independent assessors (JAB and JBM) to verify the appropriateness of their inclusion. Any discrepancies were discussed and a consensus opinion reached. The reported methodology and main ®ndings in each selected study were extracted and summarised. In an attempt to facilitate meaningful comparison of between-study ®ndings, the following set of methodological criteria was developed as reference methodology. These were based on criteria previously used in infant feeding research (Bauchner et al, 1986; Kramer, 1988) and are summarised below:
1 Attempts had been made to reduce detection bias, eg via monthly active surveillance. 2 Attempts had been made to collect information on dropouts.
3 Attempts had been made to reduce recall bias, eg via investigator veri®cation of subjective reporting. 4 Milk feeding was de®ned unambiguously. 5 The introduction of complementary foods was de®ned unambiguously. 6 The age of infants at the introduction of complementary foods was de®ned unambiguously. 7 The outcome variables were de®ned unambiguously. 8 Adjustment for socio-economic factors had been made in the analysis. 9 The sample sise was adequate and appropriate statistical tests were used.
The studies were further reviewed to assess compliance with the methodological criteria. A bio-statistician (ACK) independently reviewed each study to assess compliance with statistical criteria (8 and 9). Due to the heterogeneity of studies assessed and the number of criteria used in the assessment of study bias, no attempt was made to grade the studies according to the methods used in, eg, a Cochrane review. The nature of the majority of studies, being observational by design, would have resulted in very poor compliance if a more rigid grading scale such as this were used. 8 (1, 3, 4, 5, 6, 7, 8, 9) Fergusson et al 1983 , New Zealand 8 (1, 3, 4, 5, 6, 7, 8, 9) 1990 8 (1, 3, 4, 5, 6, 7, 8, 9) Forsyth et al 1993 Jackson et al 1988 Thailand 8 (1, 3, 4, 5, 6, 7, 8, 9) Popkin et al 1990 Philippines 8 (1, 3, 4, 5, 6, 7, 8, 9) Victora et al 1998 ) Agras et al 1990 USA 7 (2, 3, 4, 5, 6, 7, 8) Brown et al 1989 Peru 7 (1, 3, 4, 5, 6, 7, 8) Cohen et al 1994 , Honduras 7 (1, 3, 4, 5, 6, 7, 8) 1995 7 (1, 3, 4, 5, 6, 7, 8) Heinig et al 1993 USA 7 (1, 3, 4, 5, 6, 7, 8) Martines et al 1994 ) Rowland et al 1988 Gambia 7 (1, 3, 5, 6, 7, 8, 9) Simondon & Simondon 1995 
Results
Out of 400 published papers, 33 met the speci®c inclusion criteria based on results from 25 studies. Those papers referring to common results were considered together when assessing the methodology. None of the studies met all the methodological criteria and only eight studies met eight out of nine criteria, nine studies met seven and six studies met six. Ten studies met ®ve or fewer criteria (Table 1 ). The consensus of the authors was that, of the 33 included publications, 13 contained data supporting the current WHO recommendations which attempt to accommodate all infants, including those whose nutritional requirements are not met by exclusive breast-feeding for 6 months. An equal number contained data that would appear to support a recommendation for delaying the introduction of complementary foods until 6 months of age. The remaining seven were unable to provide evidence to support a change from the current WHO infant feeding recommendations. Of those studies appearing to support delaying the introduction of complementary foods to 6 months of age, 12 out of 13 met more than ®ve methodological criteria. Of the 13 studies appearing to support a range of ages prior to 6 months, 10 met more than ®ve methodological criteria.
Heterogeneity of studies in terms of design and the diversity of the populations under study, their infant feeding practices and the outcomes measured, prevented extraction of data for meaningful analysis. For example, socio-economic in¯uences on infant feeding practices are well known (Millard & Graham, 1985; Whitehead et al, 1986; Hill, 1991; Tessema & Hailu, 1997) and it is therefore not possible to make meaningful comparisons between cross-cultural studies unless socio-economic factors are identi®ed and adjusted for in subsequent analyses (Jackson et al, 1992; Caul®eld et al, 1996) .
Even comparisons between studies within a given demographic area can be complicated by differences in regional culture. For example, in the Peoples' Democratic Republic (PDR) of Yemen, weaning practices varied among three populations classi®ed as urban, slum and rural (Bagenholm et al, 1987) . Methodology has, to date, not been standardised with respect to controlling for numerous confounding factors in¯uencing growth, development, morbidity and mortality of infants. Such factors include geographical, physiological, economic and social factors speci®c to the population under study as well as individual variations between subjects. Therefore data are presented separately for developing (Table 2 ) and developed nations (Table 3) .
Discussion
The ®ndings of this systematic review have exposed weaknesses in the design protocol of the 25 studies included. No study met all the methodological criteria and, although it is appreciated that research in this area is particularly problematic, conclusions drawn from some reported results must be considered questionable. A paucity of randomised intervention trials conducted in this area means that existing evidence cannot be as rigorously assessed in a systematic review as would be desirable. Furthermore, infant feeding practices are freely chosen by child carers in epidemiological studies, resulting in baseline differences between study groups which makes interpretation of results dif®cult. Nevertheless, it is clear that there is a lack of consensus among experts in infant feeding practices regarding the more appropriate age for the introduction of complementary foods. This seems to be largely due to the inapplicability of stringent blanket recommendations to a diverse range of individuals within equally diverse populations.
Appropriate reference data An important consideration for the appropriateness of infant feeding practices is the applicability of reference data on which growth adequacy is assessed and current recommendations are based. There are many ways in which the growth outcomes of different complementary practices can be described. Inadequate or unsatisfactory growth in weight and length is assessed by degree of faltering with respect to reference curves and, clearly, the apparent outcome will vary depending on the reference curves used and the magnitude of deviation from the curves which is considered representative of sub-optimal growth. The currently used international reference curves are based on data derived from predominantly formula fed, healthy infants in the United States (Hamill et al, 1977) .
The assessment of growth adequacy is further complicated by the diagnostic criteria used in the assessment of growth faltering. Ideally, measurements of both weight and length should be obtained to re¯ect different growth processes and repeated measures would be most useful during this period of variable growth. However, it must be appreciated that some measurements can be particularly dif®cult to obtain in ®eld work and the nature of study groups may hinder longitudinal data collection.
Even where diagnostic criteria are strictly de®ned, generalisability of reference data has been criticised. For example, in the UK Tanner's curves alone are no longer considered representative of today's infant, largely because more than three-quarters of the infants used in compiling the curves had begun solid foods by 8 weeks of age and changes in infant feeding practices due to secular trends have since occurred (Whitehead et al, 1986) .
Population-speci®c reference curves Applicability of the NCHSaWHO growth reference to breast-fed infants is now questioned as differences in energy intake and expenditure between breast-fed and formula-fed infants have been identi®ed (Butte, 1996) . Moreover, data used in the construction of these reference curves were drawn from a speci®c social class which may also render them unsuitable across diverse cultures.
The DARLING study (Heinig et al, 1993) , which made cross-cultural growth comparisons between Californian
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Introducing complementary foods to infants JA Lanigan et al infants born to families of high socio-economic status, further highlighted problems with using NCHS growth curves as reference standards. This study found that weight gain of breast-fed infants from 3 to 12 months differed from NCHS data and from that of formula-fed infants. Subsequent to this, the WHO has re-evaluated infant growth using pooled data from seven longitudinal studies in Europe and the US (WHO, 1995b). Comparisons found lower weight-for-age z-scores when compared to NCHS reference curves and the report concluded the NCHS ± WHO reference to be inadequate. Numerous studies have highlighted the need for population-speci®c reference data which account for socio-economic and socio-demographic variables (Kusin et al, 1991; Dewey, 1998) . By their very nature, curves only show an average, disguising individual growth faltering, and for these reasons their limitations are well recognised. Even with separate curves for breast-fed infants, data drawn from a healthy af¯uent society would not necessarily be appropriate for populations where infection and stunting occurs periodically (Butte, 1996) . The WHO now plans to formulate new curves based on studies currently being conducted in infants fed according to current recommendations (WHO, 1995b) .
Measurements of growth and nutritional status
Even within speci®c groups, individual variability of growth will undoubtedly mean that the appropriate point of introduction of complementary foods for any one infant will be inappropriate for another. De®ning an appropriate age range in infancy, however, remains central to the problem of identifying the optimal time for the introduction of complementary foods and the identi®cation of a measurement on which to base this point (or range of points) is a pre-requisite to the formation of applicable recommendations.
The quest for suitable measures that facilitate identi®ca-tion of sub-optimal growth or nutritional status is indeed a major challenge in infant health research. Evidently, current recommendations, which are based on age, do not appear to be wholly appropriate and it may be that use of other markers such as biochemical indices or deviation from population-speci®c growth curves or other anthropometric measures may enable provision of a more appropriate recommendation.
Establishing causality
Aside from dif®culties associated with assessing optimal growth and estimation of nutrient intake, the issue of reverse causality has been raised by many investigators: does infant size in¯uence introduction of complementary foods or does complementary feeding in¯uence infant size?
Investigators working in the Gambia reported that lighter-weight babies were introduced to complementary foods earliest. However, it was not possible to say whether being heavier was an outcome or a determinant of late complementation (Rowland, 1986) . In contrast to Introducing complementary foods to infants JA Lanigan et al Table 3 continued
Introducing complementary foods to infants JA Lanigan et al these ®ndings, investigators in Scotland reported that in more af¯uent societies heavier infants appeared to commence complementary feeding earlier but, again, reverse causality could not be ruled out (Forsyth et al, 1993; Savage et al, 1994) . In the USA the DARLING study reported that several developmental milestones occurred earlier in infants introduced to solids prior to 6 months of age but concluded that this effect was probably due to reverse causality. As energy and protein intake were unrelated to age of achievement of developmental milestones, the authors concluded that the more developmentally precocious infants received solids earliest (Heinig et al, 1993) .
Interrelated social factors
In the event that appropriate markers are established and so enable development of population-speci®c growth standards, the effect of environmental conditions and hygiene standards which threaten the weanling's survival must still be considered. Several authors have highlighted the in¯u-ence of unhygienic living conditions on infant health even prior to the point of introduction of complementary food (Martines et al, 1994; Rowland et al, 1988) . This is of particular importance to the less developed world.
In areas where diarrhoea commonly occurs in the vulnerable period immediately following initiation of complementary feeding, its severity may be attenuated by a protective effect of breast-feeding (Adair et al, 1993; Clemens et al, 1986; Briend et al, 1978) . Evidence on which to base breast-feeding advice aimed at obtaining maximal bene®ts is much needed. The degree of breastfeeding required to confer protection against disease has not been identi®ed, neither are there suf®cient data relating to the duration of breast-feeding which is optimal within a speci®c population (Briend et al, 1978) . Briend and colleagues have reported that breast-feeding may confer protection against diarrhoeal disease for up to 3 months after the onset of complementary feeding. Popkin et al, (1990) published evidence which supports delaying introduction of other foods or liquids to the breast-fed infant, favouring exclusive breast-feeding up to 6 months of age for protection from diarrhoea in this environment.
Evaluation of the literature is further complicated since the incidence of diarrhoeal disease increases with age, as does the incidence of complementary feeding. Studies to date have categorised subjects by their current feeding pattern, when perhaps the method of feeding prior to the onset of disease is more relevant (Popkin et al, 1990) . For example, causal direction is dif®cult to establish since mothers in certain cultures are known to cease breastfeeding when diarrhoea commences, fearing their milk to be contaminated (Briend et al, 1978) . Moreover, the dif®-culty in separating the duration of the detrimental effects of not breast-feeding from those associated with the introduction of contaminated complementary foods further confounds these issues (Ahmed et al, 1993; Martines et al, 1994) . (Harrison et al, 1992) . These factors were also reported from a study in Lima, Peru (Piwoz et al, 1996) . In contrast, studies from the more developed world report an association between later initiation of complementary feeding and higher social status (Foster et al, 1997) .
Poverty
There is also evidence from the literature that poverty may be an overriding factor in determining the age at which complementary feeding is initiated, even when mothers report otherwise (Brakohiapa et al, 1988) . As well as ensuring that appropriate nutrition education is promoted, it is vital that populations make the best use of locally available, affordable food sources. There is a wealth of research focusing on this aspect, eg in one study reviewed here, Armar-Klemesu and colleagues considered that the traditional fermented porridge used in Ghana might provide a safe nutritionally adequate supplement for individuals in this particular population at risk of undernutrition (Armar-Klemesu et al, 1991) .
Nutrient density of complementary foods is equally important, as highlighted by investigators in Senegal, who reported that growth of infants fed a speci®c low energy complementary food was further impaired (Simondon & Simondon, 1995) . This has been observed both between and within populations. Adair et al, (1993) observed in the Philippines that energy density of complementary foods varied regionally, an important consideration given that some investigators have reported displacement of breast milk by complementary foods Cohen et al, 1994; Heinig et al, 1993) . This further highlights problems associated with applying blanket recommendations for infant feeding practices given the wide variation in nutritional quality of traditional complementary foods.
Population sub-groups Results of some of the studies reviewed here suggest that a small sub-group of the population may bene®t from introduction of appropriate complementary foods earlier than the majority (Tables 2 and Table 3 ). For example, in Finland, Salmenpera and colleagues, whilst recognising that the majority of exclusively breast-fed infants thrived on exclusive breast-feeding until 9 ± 12 months of age, also acknowledged that prolonged exclusive breast-feeding may have carried a risk of nutritional de®ciency in a small proportion of infants (Salmenpera et al, 1985) . Similar ®ndings are reported by Armar-Klemesu et al (1991), Piwoz et al (1996) , Simondon and Simondon (1995) , Zumrawi et al (1987) , Whitehead et al (1986) , Agras et al (1990) and Krebs et al (1994) .
Conclusions
We conclude from the systematic review reported here that the evidence is insuf®cient to support a change in the current infant feeding recommendations for the optimal age of introduction of solid foods into the diet of an infant.
Recent studies, including those reported by Cohen and colleagues in Honduras, where the study design was randomised and interventional, have provided evidence that breast-fed infants up to 6 months of age self-regulate their intake of breast milk when introduced to other foods (Cohen et al, 1994) . Importantly, the Honduras study has also shown that, when compared with infants fed complementary foods before 6 months of age under optimal feeding conditions, exclusively breast-fed infants have similar growth and morbidity outcomes.
Unfortunately, the Honduras study (Cohen et al, 1994 ) did not consider outcomes in subjects failing to complete the intervention phase. It is therefore not possible to conclude from this study that infants exclusively breastfed under optimal conditions invariably thrive. This study is representative only of a speci®c population and, while adding very important evidence to a much wider picture, it provides insuf®cient evidence to support a change in recommended infant feeding practice.
An important ®nding of this systematic review is the identi®cation of population sub-groups that may bene®t from the introduction of appropriate complementary foods sooner than the majority of the population. This serves to emphasise the need for recommendations applicable to a wide range of requirements and environments.
Limitations of the present study When considering the above conclusions, the authors would like to acknowledge that the present study also had inherent limitations. The inclusion criteria which were set a priori resulted in the collation of a diverse set of studies with characteristics that could not easily be compared. The absence of randomisation and intervention in the majority of selected studies introduced bias and the interpretation of the present reviewers may have introduced more bias to the study ®ndings.
In retrospect, alternative approaches could have been used such as comparing energy requirements with energy provided from breast milk and complementary foods, although it is likely that an analysis of this nature would have been equally problematic. The current review could have been separated into two reviews addressing the developed and less developed worlds from the outset and further separation of groups according to milk feeding practice would have enabled clearer comparisons.
Recommendations for future study protocols
The studies reviewed here collectively provide invaluable information to add to the knowledge regarding the relationship between infant feeding practices and outcomes of infant health.
More studies are needed, essentially of a randomised interventional nature. These studies should be undertaken in selected global locations and employ the necessary control groups.
Analysis of data from experimental and observational studies should make adjustment for all possible confounding variables and it is essential for investigators to accurately classify population sub-groups according to feeding practice so that the source of nutrients in the infant's diet throughout the period of transition from milk to solid feeding is known.
In order to maximise the usefulness of future research, it is suggested that further studies be conducted employing standardised protocols where possible designed to minimise bias, eliminate ambiguity and maximise statistical power. International reference centres could be instrumental in achieving these, enabling investigators to seek advice with respect to study design. Methodological criteria similar to those used in the present review could be set by an expert panel and used in the interpretation of ®ndings and, where possible, incorporated into study design.
Additionally, a Collaborative Review Group could be formed to provide support for investigators conducting future systematic reviews of infant feeding practices.
